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,QWURGXFWLRQ
6LQFH WKH KHDY\ZDOO SHWUROHXP SUHVVXUH YHVVHO DUH RSHUDWHG DW KLJK WHPSHUDWXUH DQG KLJK SUHVVXUH K\GURJHQ




7KHSKHQRPHQRQ VXFKDV DGHOD\HG IUDFWXUHRI DKLJK WHQVLOH VWUHQJWKEROW D FROGFUDFNLQJRIZHOGPHWDO DQGD
ZKLWHVSRWDUHNQRZQIRUPDQ\\HDUV,WLVZHOONQRZQDVHPEULWWOHPHQWRIWKHSHWUROHXPSUHVVXUHYHVVHOVRSHUDWHG
LQ D KLJK WHPSHUDWXUH KLJKSUHVVXUH K\GURJHQ HQYLURQPHQW DQG LW RFFXUV LQ DURXQG URRP WHPSHUDWXUH DIWHU VKXW
GRZQ2QWKHRWKHUKDQG+((LVWKHHPEULWWOHPHQWE\WKHK\GURJHQDEVRUEHGIURPWKHJDVE\PHWDOGHIRUPDWLRQ
DQG LW LV WKH FKDUDFWHULVWLF SKHQRPHQRQ LQ KLJK SUHVVXUH K\GURJHQ JDV HQYLURQPHQW 7KH DFFLGHQW ZKLFK ZLOO
SURGXFHDFUDFNLQ1$6$WKHILUVWKDOIRIWKHVRQWKHWDQNIRUKLJKSUHVVXUHVWRUDJHPDGHIURP1L0DU
DJLQJVWHHO ,IVWUHVV LVDSSOLHG WRVWHHODQGSODVWLFGHIRUPDWLRQRFFXUV WKHQHZO\IRUPHGXQR[LGL]HGVWHHOVXUIDFH
ZKLFKZDVQRWLQFRQWDFWZLWKHQYLURQPHQWZLOOEHH[SRVHGDQGK\GURJHQJDVDGVRUEVDQGLQYDGHVLQWRWKHVWHHO,W












SURFHVVZDV VXEPHUJHG DUFZHOGLQJ 6$: *URRYH JHRPHWU\ RI WHVW EORFN LV GHVFULEHG LQ )LJ  DQG ZHOGLQJ
FRQGLWLRQ ZDV VKRZQ EHORZ &XUUHQW $ 9ROWDJH 9 DQG 6SHHG PPPLQ $IWHU ZHOGLQJ
VDPSOHZDVWUHDWHGGHK\GURJHQKHDWWUHDWPHQW'+7RIR&IRUKUV0RUHRYHULWZDVH[DPLQHGWKDWWKHUHLV
QR KDUPIXO GHIHFW LQ WKHZHOG E\ XOWUDVRQLF WHVWLQJ 87 DQG VXUIDFH G\H SHQHWUDQW WHVWLQJ 37$IWHU WKH QRQ
GHVWUXFWLYH H[DPLQDWLRQV VDPSOH ZDV FXW LQWR FRXSRQ  DQG  7HVW FRXSRQ  ZDV FDOOHG KLJK WRXJKQHVV ZHOG














2.2. Experimental method 
,Q RUGHU WR LQWURGXFH DLPLQJ SSPK\GURJHQ LQVLGH RI WKHZHOGPHWDO WKH K\GURJHQ FKDUJLQJ FRQGLWLRQZDV





















           





P aȀ F a W
BB W









































3.1. Mechanical properties of high and low toughness weld metal 
7DEOH7HQVLOHWHVWUHVXOWVRIZHOGPHWDO
<LHOG6WUHVV 7HQVLOH6WUHQJWK (ORQJDWLRQ 5HGRI$UHD
03D 03D  
+LJK7RXJKQHVV
:HOG0HWDO    
/RZ7RXJKQHVV
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7HQVLOHWHVWUHVXOWVRIKLJKDQGORZWRXJKQHVVZHOGPHWDOVDUHVKRZQLQ7DEOH7HQVLOHVWUHQJWKDQG\LHOGVWUHVV
RI ORZWRXJKQHVVZHOGPHWDOZDVKLJKHU WKDQWKDWRIKLJKWRXJKQHVVZHOGPHWDO$GGLWLRQDOO\ WHQVLOHSURSHUW\RI
KLJK WRXJKQHVVZHOGPHWDO WKDWZDV WUHDWHGXVXDOO\3:+7R&IRUKUVVDWLVILHG WKHVSHFRI$60(6$














































































































































































































'LIIHUHQFH LQ ORDG OLQH GLVSODFHPHQW DQG &URVVKHDG GLVSODFHPHQW FXUYHV / '& FXUYH RI +1$ DQG ++$










)LJXUHV   VKRZV IUDFWXUH DSSHDUDQFH RI HDFK FRQGLWLRQ DIWHU ULVLQJ ORDG WHVW 6WUHWFK ]RQHZDV SUHFLVHO\
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K\GURJHQ JDV HQYLURQPHQW DFWV DV WKH HPEULWWOHPHQW IDFWRU LQ WKLV FRQGLWLRQ 7KHUHIRUH .,+ YDOXHV DW ERWK
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WKHFDVHRI/+*FRQGLWLRQ.,+YDOXHVZHUH UHPDUNDEO\GHFUHDVHGDQGTXDVLFOHDYDJHZDVREVHUYHG LQ IUDFWXUH
VXUIDFHDVVKRZQLQ)LJ+RZHYHU.,+YDOXHLQFUHDVHGDQGDOVRIUDFWXUHPRUSKRORJ\ZDVFKDQJHGIURPTXDVL
FOHDYDJHWRGXFWLOHIUDFWXUHGXHWRLQFUHDVHWHVWWHPSHUDWXUHEHFDXVHRIWHVWWHPSHUDWXUH,WLVHYLGHQWWKDWWKHHIIHFW
RI GLVVROYHG K\GURJHQ RQ K\GURJHQ HPEULWWOHPHQW ZDV D OLWWOH ZKHUHDV K\GURJHQ JDV HQYLURQPHQW DFWV DV WKH
HPEULWWOHPHQWIDFWRULQWKLVFRQGLWLRQ+RZHYHUWKHHIIHFWPLJKWEHGHFUHDVHGGXHWRLQFUHDVLQJPHWDOWHPSHUDWXUH
)XUWKHUPRUHWKHGHWDLORIGLIIHUHQFHEHWZHHQKLJKDQGORZWRXJKQHVVZHOGPHWDOLVGHVFULEHGEHORZ
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)LJXUHVKRZVKROGLQJORDGWHVWUHVXOWVRIKLJKWRXJKQHVVZHOGPHWDODQGFUDFNJURZWKOHQJWKDIWHUGD\V




ZHOGPHWDO&UDFNJURZWKZDV FRQILUPHGDW WKLV ORDG DQG ORDG OLQHGLVSODFHPHQW FKDQJHGGLVFRQWLQXRXVO\)URP
6(0 REVHUYDWLRQ SURSDJDWHG FUDFN ZDV TXDVLFOHDYDJH DQG FUDFN JURZWK ZDV DOVR FRQILUPHG DW .,+ ORDG 7KH
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)LJXUH  VKRZV UHODWLRQVKLS EHWZHHQ .,+ DQG WHVW WHPSHUDWXUH XQGHU  03D K\GURJHQ JDV FRQGLWLRQ
$GGLWLRQDOO\WHQGHQF\RI.,+YDOXHVIRUWHVWWHPSHUDWXUHLVVKRZQLQ)LJ$OWKRXJK.,+YDOXHRIKLJKWRXJKQHVV
ZHOGPHWDOZDVKLJKHUWKDQWKDWRIORZWRXJKQHVVZHOGPHWDODW57.,+YDOXHRIORZWRXJKQHVVZHOGPHWDOULVHWR
WKH VLPLODU OHYHO RI KLJK WRXJKQHVVZHOGPHWDO DW R& ,W LV DOVR WR EH QRWHG WKDWPLQLPXP.,+ YDOXH FDQ EH











+\GURJHQJDV DIIHFWHGRQ WKH HPEULWWOHPHQW RI WKH&U0R9VWHHOZHOGPHWDO ,Q FRQWUDVW GLVVROYHG
K\GURJHQDIIHFWHGOLWWOHRQWKHHPEULWWOHPHQWRIWKHZHOGPHWDO
 'HYLDWLRQ SRLQW RI KLJK WRXJKQHVV ZHOG PHWDO ZDV DOPRVW VDPH DW 57 DQG R& XQGHU K\GURJHQ JDV
HQYLURQPHQW+RZHYHUSURSDJDWHGFUDFNPRUSKRORJ\ZDVFKDQJHGIURPTXDVLFOHDYDJHWRGXFWLOHIUDFWXUHDWR&
'HYLDWLRQSRLQWRIORZWRXJKQHVVZHOGPHWDOZDVLQFUHDVHGZLWKLQFUHDVLQJWHVWWHPSHUDWXUHXQGHUK\GURJHQ
JDVHQYLURQPHQW,QDGGLWLRQSURSDJDWHGFUDFNPRUSKRORJ\ZDVFKDQJHGIURPTXDVLFOHDYDJHWRGXFWLOHIUDFWXUHDW
R&7KLVWHQGHQF\ZDVDOPRVWVDPHDVKLJKWRXJKQHVVZHOGPHWDO
.,+YDOXHRIKLJKWRXJKQHVVZHOGPHWDOZDVKLJKHUWKDQWKDWRIORZWRXJKQHVVDW57+RZHYHU.,+YDOXHRI
ORZWRXJKQHVVZHOGPHWDOULVHWRWKHVLPLODUOHYHORIKLJKWRXJKQHVVZHOGPHWDODWR&
)URPKROGLQJORDGWHVWUHVXOWVLWZDVHYLGHQWWKDWFUDFNJURZWKRFFXUUHGDWWKHORDGHTXLYDOHQWWR.,+ZKLFK
REWDLQE\ULVLQJORDGWHVWIRUKLJKDQGORZWRXJKQHVVZHOGPHWDO
$FNQRZOHGJHPHQWV
7KLVZRUNZDVVXSSRUWHGE\0DWHULDO3URSHUWLHV&RXQFLO03&DQGWKHLUVXSSRUWZDVJUDWHIXOO\DFNQRZOHGJHG
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